Introduction
============

Cardiovascular diseases are currently the major causes of mortality worldwide.^\[[@R1],[@R2]\]^ In China, the prevalence and mortality of cardiovascular diseases are constantly rising. While traditional risk factors are the main therapeutic targets for risk stratification, novel biomarkers may further predict residual risk, and therefore improve the effectiveness of primary and secondary prevention.^\[[@R3],[@R4]\]^

Homocysteine (HCY), a non-essential sulfur-containing amino acid, is an intermediate metabolite of methionine. Basic experiments indicated that HCY might be a risk factor for atherosclerosis.^\[[@R5]\]^ Furthermore, there is clinical evidence that higher HCY levels may be associated with poor outcomes in patients with stable angina, stroke, and peripheral artery disease.^\[[@R6],[@R7]\]^ Nevertheless, the predictive value of serum HCY levels in patients with ST-segment elevation myocardial infarction (STEMI), which is caused by acute coronary occlusion, remains uncertain. This study was to compare HCY levels and short- and long-term outcomes in patients with STEMI.

Methods
=======

Ethical approval
----------------

The study was conducted in accordance with the *Declaration of Helsinki* and was approved by the Ethics Committee of Xuanwu Hospital, Capital Medical University. Given the retrospective nature of this study, written informed consent was waived.

Study population
----------------

The study cohort included 419 consecutive patients with STEMI who presented at Xuanwu Hospital, Capital Medical University from March 2010 to December 2015. STEMI was defined according to the presence of at least two of the following three criteria: (1) periods of prolonged chest pain (≥20 min); (2) ST-segment elevation ≥2 mm in at least two contiguous precordial leads, or ST-segment elevation ≥1 mm in at least two inferior leads, or new left bundle branch block^\[[@R8]\]^; and (3) elevation of a myocardial biomarker (cardiac troponin \[cTn\] or creatine kinase MB/isoenzyme of creatine kinase \[CK-MB\]) \>99th percentile or two times the normal value. Patients were excluded if met the following criteria: (1) taking a folic acid supplement; (2) with a prior history of STEMI; (3) with a prior history of coronary revascularization; or (4) acute or chronic inflammatory disease.

Baseline information (clinical characteristics, laboratory results, and angiography) were collected by interviewing patients and medical record reviews. Patients were classified into two groups according to their serum HCY levels in relation to the median level (14.4 μmol/L). For the subgroup analysis, patients were divided into two subgroups according to age (≤60 years and \>60 years).

Coronary angiography
--------------------

Diagnostic coronary angiography was performed using 5 to 6 French Judkins catheters (Cordis Corp., Miami Lakes, Florida, USA) and either a radial or femoral approach.^\[[@R9]\]^ Performance of percutaneous coronary intervention (PCI) was determined by operators. All stenosis were evaluated visually and the Gensini score was determined.^\[[@R10]\]^ Single vessel disease was defined as stenosis of at least 50% in one major epicardial coronary artery, while multi-vessel disease was defined as stenosis of at least 50% in ≥ two major epicardial coronary arteries.

Biochemical measurements
------------------------

Peripheral blood samples were obtained within 24 h of hospital admission. After coagulation at room temperature for 30 min, the samples were centrifuged at 3108 × *g* for 5 min and the serum was aspirated. Serum HCY concentrations were measured by enzymatic cycling assay according to the kit instructions (Maccura Biotechnology Co., Ltd., Chengdu, China) with the Hitachi Automatic Analyzer 7600--210 (Hitachi, Tokyo, Japan). Serum concentrations of creatinine, uric acid, hemoglobin glycosylated hemoglobin (HbA1c), total cholesterol, high density lipoprotein (HDL)-cholesterol, and low density lipoprotein (LDL)-cholesterol were assessed using standard laboratory methods.

In-hospital death and long-term outcomes
----------------------------------------

The in-hospital mortality, defined as all-cause death, was compared between groups. Patients were followed up via telephone calls at six and 12 months, and then annually. The primary endpoint was defined as major adverse cardiovascular and cerebrovascular events (MACCE), including all-cause death, nonfatal myocardial infarction (MI), stroke, heart failure, and revascularization.

Statistical analysis
--------------------

Continuous variables are shown as mean ± standard deviation (SD) and compared using a two-tailed Student *t*-test, while medians (Q1, Q3) and Mann--Whitney *U* tests were used for non-normally distributed variables. Categorical variables are shown as frequency (group percentage) and between-group comparisons were made using the Pearson Chi-square or Fisher exact test. Serum HCY was first considered as a categorical variable divided into two groups (H-HCY and L-HCY), and later as a continuous value to examine the relationship with end points. Bivariate correlations were analyzed using the Pearson correlation model. Binary logistic regression was used for multivariate analyses to determine predictors of in-hospital events. Kaplan--Meier estimates were used to estimate survival curves, and the log-rank test to test between-group differences. Cox proportional-hazards regression models were used to examine the relationship between HCY levels and different end points, after adjustment for multiple clinical and angiographic covariates significantly associated with each end point during univariate analysis. Hazard ratios (HRs) were reported with corresponding 95% confidence intervals (CIs). The respective predictive cut-off values were constructed according to the receivers operating characteristic curve for HCY for discrimination between surviving and MACCE. The areas under the curve were compared using the Hanley and McNeil method. Statistical analyses were performed using the Statistical Package for Social Sciences software version 19.0 (SPSS Inc., Chicago, IL, USA). A two-sided *P* \< 0.05 was considered statistical significance.

Results
=======

Baseline characteristics
------------------------

A total of 419 consecutive patients were enrolled. The mean age was 62.0 ± 12.2 years and 336 (80.2%) were males. The baseline clinical and angiographic characteristics of the two groups are presented in Table [1](#T1){ref-type="table"}. The H-HCY group had more male patients (84.6% *vs*. 75.4%, *P* = 0.018) and fewer patients with diabetes (20.2% *vs*. 35.5%, *P* \< 0.001), compared with the L-HCY group. The levels of white blood cell (WBC), creatinine, and uric acid (UA) were higher in the H-HCY group, compared with the L-HCY group (all *P* \< 0.001). There were no significant differences in prior medication use between L-HCY and H-HCY groups, with the exception of calcium channel blockers (28.0% *vs*. 16.8%, *P* = 0.005). The numbers of diseased vessels and Gensini scores were similar between the two groups.

###### 

Baseline characteristics of patients with ST-segment elevation myocardial infarction according to HCY levels.
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Correlation between serum HCY and biochemistry indicators
---------------------------------------------------------

Serum HCY levels were positively correlated with WBC count (*r* = 0.146, *P* = 0.003), creatinine (*r* = 0.254, *P* \< 0.001) and UA level (*r* = 0.278, *P* \< 0.001).

In-hospital outcomes
--------------------

Seven patients died in the L-HCY group and 10 in the H-HCY group (3.3% *vs*. 4.8%, *P* = 0.440). After adjusting for general conditions and blood biochemistry indicators, serum HCY level (OR: 0.970, 95% CI: 0.905--1.039, *P* = 0.387) was not significantly associated with mortality. Age (OR: 1.114, 95% CI: 1.045--1.188, *P* = 0.001), Killip class (OR: 3.340, 95% CI: 1.693--6.591, *P* = 0.001), WBC counts (OR: 1.376, 95% CI: 1.130--1.675, *P* = 0.001) and creatinine levels (OR: 1.013, 95% CI: 1.000--1.026, *P* = 0.044) were independent predictors for in-hospital mortality \[Table [2](#T2){ref-type="table"}\].
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Multivariate logistic and Cox regression analyses on in-hospital mortality and long-term outcomes.
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Long-term outcomes
------------------

Follow-up information was available for 324 (80.6%) patients; 78 patients were lost to follow-up. Rates of lost follow-up were almost equal between L-HCY and H-HCY groups in overall population (21.6% *vs*. 17.2%, *P* = 0.265) as well as elder group (15.9% *vs*. 15.0%, *P* = 0.852). During the median follow-up period of 35.8 (26.9, 46.1) months, 81 (20.2%) patients experienced MACCE, including 33 in L-HCY group and 48 in H-HCY group. The unadjusted Kaplan--Meier estimates of MACCE at 7 years were comparable between the two groups (*P*=0.120) \[Figure [1](#F1){ref-type="fig"}\].
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Cox multivariate models for long-term outcomes
----------------------------------------------

The independent predictive value of HCY level on long-term mortality (HR: 1.022, 95% CI: 0.992--1.053, *P* = 0.153) and MACCE (HR: 1.007, 95% CI: 0.987--1.027, *P* = 0.507) was not statistically significant. Age (HR: 1.041, 95% CI: 1.005--1.079, *P* = 0.025), history of hypertension (HR: 2.879, 95% CI: 1.109--7.475, *P* = 0.030) and Killip class (HR: 2.365, 95% CI: 1.339--4.177, *P* = 0.003) retained statistical significance for long-term mortality \[Table [2](#T2){ref-type="table"}\]. Meanwhile, hypertension (HR: 1.881, 95% CI: 1.178--3.005, *P* = 0.008) and Killip class (HR: 1.923, 95% CI: 1.419--2.607, *P* \< 0.001) were independent predictors of long-term MACCE.

Subgroup analysis
-----------------

All subjects were classified according to age as either younger (age ≤60 years) or older (age \>60 years) groups and their clinical characteristics were compared \[Table [3](#T3){ref-type="table"}\]. The younger group included more males (93.2% *vs*. 69.0%, *P* \< 0.001) and smokers (78.9% *vs*. 51.1%, *P* \< 0.001). In contrast, the older group had a worse average Killip classification (66.8 *vs*. 37.9%, *P* \< 0.001), higher mean GRACE score (128.34 ± 22.52 *vs*. 173.02 ± 25.31, *P* \< 0.001) and more multivessel disease (70.3% *vs*. 58.0%, *P* = 0.027). After following a similar treatment strategy, one patient died in the younger group while 16 patients died in older group during hospitalization (0.5% *vs*. 7.0%, *P* = 0.001). During follow-up, 31 patients in the younger group and 50 in the elder group suffered MACCE (16.4% *vs*. 24.5%, *P* = 0.044).

###### 

Baseline characteristics of patients with ST-segment elevation myocardial infarction according to age.
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After adjustment for confounding factors in the multivariate Cox regression analysis, hypertension (HR: 2.424, 95% CI: 1.087--5.403, *P* = 0.030) and WBC count (HR: 1.135, 95% CI: 1.022--1.260, *P* = 0.0181) remained independent predictors for the younger group, while Killip class (HR: 2.186, 95% CI: 1.441--3.316, *P* \< 0.001), HCY level (HR: 1.036, 95% CI: 1.011--1.062, *P* = 0.005) and creatinine level (HR: 1.009, 95% CI: 1.002--1.016, *P* = 0.009) retained statistical significance for the older group \[Table [4](#T4){ref-type="table"}\].
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Multivariate Cox regression analysis on long-term MACCE.
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Diagnostic power of HCY for long-term MACCE in the older group
--------------------------------------------------------------

The area under the receiver operating characteristics curve was 0.662 (0.579, 0.746, *P* \< 0.001) \[Figure [2](#F2){ref-type="fig"}\]. The predictive cut-off value of HCY for MACCE was 14.05 μmol/L (sensitivity: 0.740; specificity: 0.564).

![The receivers operating characteristic curve for homocysteine in subgroup with age \>60 years. Area under the receiver operating characteristics curve was 0.662 (0.579, 0.746; *P* \< 0.001). The predictive cut-off value of homocysteine level for MACCE was 14.05 μmol/L (sensitivity: 0.740 and specificity: 0.564). MACCE: Major adverse cardiovascular and cerebrovascular events.](cm9-132-1028-g006){#F2}

Discussion
==========

There were no statistically significant associations between serum HCY levels and short- and long-term outcomes among all patients; however, among older patients, HCY independently predicted prognosis. Traditional risk factors, such as age, hypertension, and Killip class, remain the predominant predictors for outcomes in patients with STEMI.

HCY is formed during metabolism of methionine, and its recycling is mediated by vitamin B~6~, B~12~, or folic acid. Dietary deficiency of the aforementioned vitamins, genetic abnormalities including CBS and MTHFR mutations, and kidney failure are the main causes of elevated serum HCY levels, termed homocysteinemia.

It is widely accepted that elevated plasma HCY levels are associated with increased adverse cardiovascular events, independent of other factors.^\[[@R11],[@R12]\]^ Evidence from case-control and prospective studies suggested a graded and independent association between HCY levels and prognosis in patients with coronary artery disease (CAD). Nygard *et al*^\[[@R13]\]^ reported that HCY levels were strong predictors of long-term mortality in 587 patients with angiographically confirmed CAD, after a median follow-up period of 4.6 years.

Besides its heavy burden to health, there is inadequate or conflicting evidence of the prognostic value of HCY in patients with acute coronary syndrome (ACS).^\[[@R14],[@R15]\]^ Omland *et al*^\[[@R16]\]^ firstly investigated the possible prognostic value of HCY on survival in 579 patients with acute coronary syndrome after a median follow-up of 628 days. While Foussas *et al*^\[[@R17]\]^ suggested HCY levels on admission were not an independent predictor of long-term mortality in patients with ACS.

Meanwhile, elevated serum HCY level was accompanied by the prevalence of clinical and subclinical cerebral injury, as well as long-term overall mortality and stroke recurrence.^\[[@R18]\]^ However, the efficiency of HCY lowing therapy in stroke prevention warrant further investigation.^\[[@R19]\]^

Nevertheless, due to the lack of relevant research, the possibility for HCY level in predicting outcomes of STEMI remains unclear.

Above all, the pathophysiological mechanism of serum HCY-mediated vascular dysfunction and STEMI procedure triggering was not in full accord.

STEMI is characterized as rupture of an atherosclerotic plaque, alteration in coronary vasomotor tone, platelet aggregation, and an active thrombotic procedure, which lead to interruption of blood flow and MI.^\[[@R20]\]^ Pathological studies and intracoronary imaging showed that the occurrence of STEMI procedure directly associated with vulnerable plaques^\[[@R21],[@R22]\]^ and systemic low-grade inflammation.^\[[@R23]\]^

The mechanisms that elevated HCY impairs vascular function are not definitely known. Several potential mechanisms consist of endothelial dysfunction,^\[[@R24]\]^ oxidative stress,^\[[@R25]\]^ activation of inflammation,^\[[@R26]\]^ proliferation of smooth-muscle, increased adhesion of monocytes to endothelial cells^\[[@R27]\]^ and platelet dysfunction.^\[[@R28],[@R29]\]^

During hospitalization, the critical risk factor of mortality was the infarct location and proportion. STEMI triggers a systemic acute-phase response, in which neutrophils and monocytes/macrophages attacks the infarcted myocardial.^\[[@R23]\]^ Besides, systemic inflammation that manifested as elevated WBC count, is associated with impaired microvascular reperfusion after PCI. Elder age and worse Killip classification also symbolize poorer cardiac function. HCY might affect the infarction indirectly by activation of inflammation, but the effectiveness of which was too limited to be revealed.

As for long-term management, secondary prevention of CAD serves as the pivotal role. Before discharge, all patients were advised for regular medication (antihypertensive, antiplatelet, and lipid-lowing therapy), smoking cessation, body weight control, adequate exercise, and regular visit. High HCY level only leads to mild elevation of cardiovascular risk, which turns even inadequate after active secondary prevention was carried out.

During subgroup analysis, we drew different risk profiles for younger and older patients. Both groups shared similar HCY levels, but compared with younger patients, older patients exhibited higher creatinine levels and worse Killip risk stratification. Besides following similar treatment strategies, older patients exhibited poorer prognosis during hospitalization and follow-up. HCY level was retained as an independent prognostic factor in older patients, in addition to high Killip class and creatinine level. Between-group differences in clinical characteristics and pathophysiology led to risk stratification.

On the one hand, elevated HCY levels were previously related to congestive heart failure in patients with STEMI, which was defined as Killip II or higher.^\[[@R30]\]^ The predictive significance of HCY on long-term mortality and MACCE emerged following addition of worse cardiac function as baseline in the older group. HCY is naturally broken down to be excreted in the urine. Thus, renal dysfunction might lead to elevation of serum HCY during long-term follow-up, by which elevated HCY revealed its prognostic value in patients with STEMI.

Current studies are testing the possible benefits of HCY-lowering therapy. Currently, there is insufficient evidence to recommend treatment of elevated HCY levels with folic acid or other vitamins to prevent cardiovascular diseases, which indirectly supports our results. The NORVIT trial indicated that, despite effectively reducing HCY levels, folic acid and vitamin B did not lower the risk of MACCE in patients with acute MI; notably, this study actually showed a trend toward increased cardiovascular risk.^\[[@R31]\]^ Folic acid supplementation as a primary prevention for MI also failed in a Chinese population.^\[[@R32]\]^ In our previous research, HCY did not serve as an independent prognostic factor in a patient population with STEMI, not to mention its utility as a therapeutic target.

In the current study, age, a history of hypertension, higher Killip class, higher creatinine level, and WBC count were independently related with worse prognosis in patients with STEMI. Thus, risk stratification should be carried out according to these characteristics. Additionally, more attention should be paid to patients in treatment during hospitalization and long-term management.

This study provided important, complementary information to previous studies of the prognostic value of HCY levels in patients with stable coronary artery disease or among those without cardiac diseases. The usefulness of HCY might be overrated, and large, randomized, controlled trials are necessary to determine the prognostic value of serum HCY concentrations on risk profile modification for patients with STEMI.

Several limitations to the present study should be considered. This was a single-center, cohort study with unequal baseline characteristics, involving multiple operators. Meanwhile, secondary prevention medications, residual atherothrombotic burdens on non-culprit vessels, and cardiac rehabilitation are important determiners of long-term prognosis, and may emerge as confounders. Multivariate regression analysis might mitigate bias by adjusting confounding factors, but unmeasured indicators might leave room for residual bias. Secondly, our sample size and number of events was limited. Cohort studies with larger sample sizes and long-term follow-up will be much more valuable. Rate of lost follow-up in current study was relatively high, which might impact on reliability of results, to a certain extent. At the same time, a small sample size, low follow-up rate, and relatively small events might lead to over fitting. Moreover, serum HCY levels were measured once upon admission to the present study. Serum HCY concentrations were not obtained during follow-up; thus, we were not able to include this valuable information in our analysis. Finally, we did not include patients who took folic acid supplements, so the prognostic value of HCY level interventions remained unclear in the present study.

In conclusion, this study provided evidence that elevated HCY levels on admission did not indicate increased risk of hospital duration or long-term mortality and MACCE among all patients with STEMI we examined. For patients older than 60 years, HCY predicted long-term MACCE.
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